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IMPROVED ACCURACY AND CONVENIENCE 

OF MEASUREMENTS WITH TYPE 1602-6 ADMITTANCE 
METER IN VHF AND UHF BANDS 

• IN ITS THREE YEARS of field use, 
the Typk 1(U)2-A Admitfanee Meter* 
has proved to bc» a valuable and flexible 
inslniment for the measurement of im- 
IKMlance and admittance at fre(|uencies 
between 20 and lotK) Me. 

Its inherent utility has been greatly in¬ 
creased by tlie availability of accessoric.s* 

*W. R. Thurston, “A Din'ct-RcAdinx ImiNHlancc Meaniirini; Imitnunfnt for the U-ll-F Rnnitr,” 
General /{adio Experimenter, Vnt. 24, No. 12. May, in.i0. 

*“Nt»w Coaxial Anc<»K(M»rip« — .Xdaptont, Line Stretcher. Com|>onent Mount. Halun. Terminations, 
anil Insertion Unit,’' General Hadio Experimenter, Vol. 27, No. tt, OctolH*r, 1952. 
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Figure 1. Close*up of the Type 1602-B U-H-F Admittance Meter. 
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Figure 2. View of the AdmittarKe 
Meter and baton as assembled 
for the measurement of a 
balanced transmission line. 




to eliminate correetions ami to facilitate 
the measurement of components, an¬ 
tennas, and halancetJ circuits. These 
accessories include: 

(1) The Typk 874-1Jv C’onstanl-lm- 
IKHlance .Vdjustable Line, whicli can Ite 
adjust( hI to a half- or a quarter-wave¬ 
length to make the Admittance Meter 
direct reading in the admittance or im- 
|)edance at the point where the unknown 
impedance is connected, without the use 
of Smith charts to correct for line length. 

(2) The Type 874-M Component 
Mount, which provides a convenient 
means of (ujnnecting resistors, capacitors, 
and inductors tother)0-ohm coaxial line 
t h n High which the impedance is measu red. 

(3) The Type 874-LI^ Halun. a hal- 
anced-to-unbalanced im|KHlance trans¬ 


former, which makes possible the 
measurement of imixKlancc and \'SWR 
of balanced 3(X)-ohm circuits and of LUF 
receiving antennas. 

(4) Low'-reflection adaptors to most of 
the commonly used types of coaxial con¬ 
nectors, to facilitate connections to 
e(|uipment fitteti with connectors t»ther 
than the (Icneral Radio Type 874. 
Adaptors are also available for connec¬ 
tion to VHF and UHF television tmns- 
mitting antenna systems.* 


RECENT IMPROVEMENTS 

Since the original model was intro- 
fluced, several methods of adding to the 
operating convenience and accuracy 
have been developerl. One of these im¬ 
provements eliminates the effect of the 
junction inductance, which causers errors 
at the higher frequencies; another one 
makes pfxssible higher accuracy when 
multipliers larger than unity are used; 
and a third extends the direci^reading, 
low-frequency range and also eliminates 
the need for the long awkward stub. The 
type number of the improved instni- 
ment has lieen changed to the Type 
H)02-B Admittance Meter to avoid con¬ 
fusion with previous models. 


Junction Inductance 

The basic principle behind the metIuMi 
used to eliminate the effect of junction 

•To t»r detHcriltcMl in a futun* iwue of the Kxptrimuntfr 


Figur* 3. View of the Admittance Meter at set up for measurement of a resistor, 
showing the tine stretcher and component mount. 
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inductance is similar to that used on the 
^ Type 1601-A VHF F^ridge to compen¬ 
sate for the capacitance of the unknown 
terminals. However, the applicability of 
this principle to the Admittance Meter 
was tirst realized and suggested by 
Messi*s. Cl. I). Mon teat h and P. Knight 
of the kiritish l^roadiasting C\)rpora- 
tion. The understanding of the methcxl 
ustHi to compensate for the junction in¬ 
ductance requires a knowledge of the 
prinjuple t)f operation of the Admittance 
Meter. For convenience it will be briefly 
reviewed in the following paragraphs. 

In the Admittance Meter, the currents 
flowing in three brancli coaxial lines, hnl 
from a common voltage source at a com¬ 
mon junction point, are sampled by 
thrcx* independently adjustaljle loops, 
which couple to the magnetic field in 
each line as shown in Figure 4. One of 
the branch lines is connected to a con- 
ductance stanilard, one to a susceptance 
stantiard, and one to the unknown cir¬ 
cuit. The outputs of the three loops are 
connected in parallel, and the coupling 
of each loop to its respective branch line 
is adjusted by rotating the loop until a 
null is obtained. At a null the settings of 



Figure 4. Schematic diagram of the Admiaance Meter, 
showing the arrangement of coupling loop. 


thc‘ loops are direct indications of the 
magnitudes of (lie conductance, the 
susceptance, and a multiplying factor. 

I'he Itasic principle of operation as¬ 
sumes that the voltage at a point under 
the center of the coupling loop on eai'h 
branch line is the siime. However, in t he 
practical case, the loops must be located 
at letist a short distance from the actual 
common junction point and, hence, a 
short length of line exists between the 
common junction point and the centner 
of each pickup loop as shown in Figure 4. 


Figure 5a. Equivalent circuit of the (unction. 
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Figure 5b. Approximote equivalent circuit of each 
branch with junction copacitance neglected. 



Figure 5c. Revised circuit of Rgure 5b, with junction 
inductance shifted to the lood side of the coupling loop. 



The approximate equivalent circuit 
of this arrangement is shown in Figure 
5a. The series inductance of the line be- 
twwn the actual junction and the center 
t>f each loop is Ly. The total capacitance 
of the section of line is Cy. In a tt equiva¬ 
lent of the very short section of line, 
half of this capacitance can be placed at 
either end of the series inductance. The 
capacitance appearing directly across 
the voltage source has no effect on the 
accuracy and, hence, can be neglected. 


'^rhe current flowing through the capaci¬ 
tance on the load side of the junction 
line does not induce a voltage directly 
into the loop since it does not flow in the 
line under the loop. This current does, 
however, produce a voltage drop when it 
flows through the junction inductance 
and, hence, has an effect on the voltage 
applied to the unknown circuit. In the 
actual instrument, the capacitive react¬ 
ance is so large compared to the induc¬ 
tive reactance that the voltage drop 
caused by the capacitive current can be 
neglected and, hence, Cy can be elim¬ 
inated from the circuit. 

The current flowing to the unknown 
circuit passes through the junction in¬ 
ductance and causes a voltage drop 
which can have an appreciable effect on 
the measurements when the measured 
admittance is large compare<l to 20 
niillimhos. 

Since the pickup loop re.sponds only to \ 
the current flowing in the line umler the 
loop, the junction inductance can be 
shifted to the unknown side f>f the 
coupling loop without affecting the per¬ 
formance as shown in Figure 5c. 

The same junction inductance appears 
in each branch, and, hence, when the 
unknown impedance is equal to the 
characteristic impedance of the line, its 
effects cancel. The magnitude of the 
effect of the inductance increase's with 
frequency and with the magnitude of 
the unknown admittance. This junction 
inductance is minimized by bringing the 
outer conductor as close as is practicable 
to the inner conductor as shown in Fig¬ 
ure 7. The junction inductance under 
these conditions is approximately 1.2 
millimicrohenrics. CJorrection can be* 
made for its effect on the measurements, 
and correction charts for the older 
Type 1G02-A Admittance Meters are 
contained in the instruction book. 
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Figure 6. Curves showing the error In measured length 
of o short-circuited line os a function of its electrical 
length when the junction inductance Is ignored, as 
measured by both the older, uncompensated Type 
1602-A Admittance Meter and the new Type 1602-B 
compensated model. 

The errors causpfi by ignorinj^ the 
junction induolance in (letorminat ions (»f 
el(‘ctrical line kuigili from admittance 
measurements with the line short-cir¬ 
cuited are sIio>nti in Figure (». As jire- 
viously mentioned, correct ioius can be 
made for this efTect, but its elimination 
would be fireferable. d'he efTect can l>e 
eliminated by adding a shunt capaci¬ 
tance of the proper value to form, with 
the inductance, a short section of arti¬ 
ficial transmission line, having the same 
characteristic impedance as the true 
line. For reactances small compared to 
the characteristic impedance, the induct¬ 
ance and capacitance arc related by the 
e(|uation: 



The capacitance must be added on 
the unknoum side of the coupling loop so 
the capacitive current will flow through 
the line under the loop. 

In the new model, the desired addi¬ 
tional capacitance is obtained by adding 
a polystyrene I)ead to the line, as showm 
in Figure 7. The electrical length of line 
between the unknown and the measur¬ 


ing point is increased by about 0.7 cm. 
as a result but, since Uie corrections or 
adjustments are always made for the 
over-all length of 50-ohm line when the 
actual ira[jedancc or admittance is de¬ 
sired, the increase d(X*s not complicate 
the situation, but does eliminate a time- 
consuming correction. Ik^sides the sim¬ 
plification in corrt‘clion procedure ob¬ 
tained when admittance is measured, the 
VSWR is now unaffected by the junc¬ 
tion inductance as V’SWR is independent 
of line length and, hence, a greater ac¬ 
curacy is obtained. 

The compensation is independent of 
frequency as long as the length of line 
added is short compared to a wave- 
length. Figure G shows the results of 
meiisurements of electrical line lengths 
with a compensated instrumimt. 

Improvements to Multiplying 
Factor Scale 

Another improvement that has been 
made in the Admittance Meter is the 
addition of several calibratisl points on 
the multiplying-factor scale as shown 
in Figure 1. The additional points make 
greater accuracy possible in many cases 
by permitting the use of a lower multi¬ 
plier setting. 

A New Low-Frequency 
Susceptance Standard 

A new susceptance standard has been 
designed for use at the lower frequencies 
to replace the long adjustable stub. The 
new standard is a small, shielded, vari¬ 
able air capacitor, shown in Figure 1, 

Rgure 7. Sketch of modiflad junction showing the 
location of one of the compensating capocilances. 


JUNCTION FROM 



CONTACTS capacitance 
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which is culilimtcd direct ly in fre(|ueiicy 
from 41 to 150 Me. Mciisurements at low 
fre(|uencies will Ik* facilitated hy the 
extende<I fre<|uency range and small size 
of the new standard. 

'riie Admittance Meter has earned a 
des<Tve<l it'piitation for s|K*e<l, conven¬ 


ience, and accuracy in measurements of 
VSVVli im|KHlance and admittance in 
the T-H-F range. The improvements 
discussed above increase still furtlier its 
utility and acceptal»ility for these meas¬ 
urements, 

— ft. .\. SuDKHM.W 


SPECIFI 

Rang*: zem to iiiliiiity; |>rai*- 

ticrilly, till* lower limit i:^ <k*t>ermiiied liy the 
stnuillesl reuduhle ini'remiMil on the mcaIi* w’hicti 
is too mirromhos (0.1 inillimho). The upper 
limit is I (NX) milliintK»s. Hiinge is tin* same for 
ImiIIi I’oiHlurtunr'c und Hus4**.*ptaniv, hut sus- 
reptanre ran he either |K)sitivc or negative, i,n., 
the susceptaiMt? dial is (.*ulil>ruted from “20 to 
^20 miilimhos. Multiplying factors from I to 
2t) are pn3vidcd, and factors from 20 l«> 100 can 
Is* dctrrmiiMNl approximately. 

Frequency Rong*: 41 to 1000 .Me, dir<H*t 
r«*a<iiiig. Hungc can he exteinled ilownwmd to 
20 Me, if a frei|Ui‘iicv (•orn'i’tioii i.*< a|>plied to 
tin* su.'«eeptaiic(* reiitlirig, and iipwanl to uInmii 
irxx) Me. 

Accurocy: l*'i»r hn(h (‘otidiK't.’iiUM* and su.'<- 
eeptanee (ii|) to ItMH) Me); 

I'roin 0 to 20 miUimhos , 4- 0,2 

millimho) 

From 20 to jc millimluH d:(3v\Fi, 4*0.2 
millimho) where M l^ the scale multiplying 
fuetf)!'. 

AIm^vc 1(K)0 Me, en’or.H inerezuie slightly :u»d, 
at lotM) Ml*, the hjisic tigiire of IV, in the 
ex|>rivision ahove lK*eoni>‘S 5Vf. Tor l•ompar- 
ing impeiJanct*s, the accuracy is ±3% up to 
2000 Me 

Acc**>ori** Supplledi One Tyi*E ltK)2-P4 
50-0 Termination, for use as conductance 

Type 


CATIONS 

Htandarrl, and o?ie Tyi'K lt)02-Pl Adjiislahle 
Stub and one TvPK Itt02-P3 Variahle .\ir 
(*Hpa<*itor, for susceptaiice standards; two 
Type 874-H20 Patch t’ords for connix’lions O) 
^nerator and deie<*tor; and one Type 874-PH 
I’anel roniiwtor for installation on <letecOir. 
A wooden storage c*ase is furnished. 

Additional Acc*ssori*« R*quir*d: Generator 
and «lele«*tor. Generator should cover d»*sired 
fntjueury range and deliver Initween 1 volt and 
10 volts.* Type 1208-A (05 U> 500 Me), Type 
1215-A (50 Ui 250 Me), and Type 1 200-A (250 
to 020 Me) Unit Oscillators are n*commended. 
'Phe Type I021-.\U and .\V Standard-Signal 
Genern(4»rs are also satisfactory. 

I)eti*<*t<»r s4*nsitivity should Ik* U'tler than 
10 microvolts. I{<H*ommend4*tl det«‘i*tor is a 
lieteriKlyne system eoitsisting of the Type 
S74-.\IK Mixer Rectifier with a low-fre<pienc*y 
nM*«4ver or an i-f amplilier and a second unit 
oscillator to provide the hetercKlyning signal. 
Other Acc*««ari*s AvailabI*: TypK S7 t-(^ 
('oaxial .Adaptors, Type S74-LK C'ofistant 
Inu>edaiH*e .Adjustahle him*, Type S74-IU4 
Ralun, Type 874-M Com|>onent .Mount. 
Terminals: .Ml termiiuils are Type 874 ('oaxial 
C'oniits'tors. .Adaptors are uvailahle for other 
I’ouxial sx stems. 

Dimensiant: 7^2 X 5^2 X 5*2 inches, without 
standards and unknown connected. 

Net Weight: pounds. 


Code Word 


Price 


HONEY 


$39S.OO 


1602-8 I U-H-F Admittance Meter 

tr. H Pst^nt Non. 2.l2o.8ir. nmi 


MISCELLANY 


RECENT VISITORS FROM OVER¬ 
SEAS to tMir plant and laboralorii'fs — 
Mr. Virgilio Floriani, I*re.*^idout and 
Technical Director, Telotira, Milan, 
Italy; Dr. FretJ Baldi, f'niversity of 
Rangoon, Hangoon, Hurma: I’rofos.sor 
K. ligimu, riiiverKity of Tokyo, Tokyo, 
Japan;and .Mr. Yoshiiiori Chatani, N'ict*- 
l*rt*sidcnt, Ki.shimoto Sliotcn, iJd.. 
'Pokyo, Japan; Mr. (’liiytK! ^’amonaka, 


Department of Electrieal Engineering, 

(Ksnka I’niversity, Osaka, .Japan. 

PAPERS — “.\ Ikilaneeil Crystal- 
Ditwle Modulator for TFIF,’^ by William 
F. Hvers, Engineer, at I he 1953 Nat ional 
C\)nference on .\irborne Electronics, 
Dayton, Ohio, May 12, 1953. No copies 
of this f>a|K*r are a.s yet available, but an ^ 
absiratd ap|>(*ars in the Confermre /Vo- 
rrrtlimjs. 
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MEASUREMENTS ON 75 OHM LINES WITH 
THE ADMITTANCE METER 


111 many (rlevision receivinji; systems, 
72- or 75-ohm transmission linos are 
usoil. 'I'he impf^flanco or VSWIt of the 
lino oan ho easily moasuroil, using oil her 
I ho old or now model of the Admitianoo 
Meter. Means must he devistnl, however, 
for eonneeting the 75-ohm line to the 
Admittance Meter, which is ef|uipped 
with 50-ohm connectors. One solution 
to this problem is to fit the 75-ohm line 
with a Cioneral Radio Type 874 CVm- 
nector. Type 874-C'8 C-ahle Connectors 
are suitable for use with HCl 11 U Cable 
and Type 874-Ct>2 Cable Coimectors 
are suitable for use with RG 51), 1' Cable. 
'Ihe Type 874 Connectors are 5()-ohm 
connectors, and the junction between 
the 5()-ohm line and 75-ohm line is made 
at the point indicated in Figure 1. There 
is a slight discontinuity at the junction 
due to stray reactances, but in most 
cases the efTect is negligible. 

The efi'ect of the 5()-ohm line in the 
conne<‘toi*8 and the Admittance Meter 
can be eliminatetl by adjusting it to a 
half- or (luarter-wavelength by means 
of a Type 874-IdY Constant Impedance 
Adjustable bine. To ol>tain the proper 
half-wavelength adjustment, the 50- 
ohm line should be open-circuited at Ihe 
75-ohm line junction, the Admittance 
Meter set to balance at zero atlmit lance, 
and the line length adjusted until a null 
is obtained. For a quarter-wavelength 
adju.stment, the same prcM'cdure is used 
with Ihe e.xception that the line is short- 
circuited at the junction, in the prac¬ 
tical case, it is diflicull to open-circuit 
or .short-circuit the line at tlie proper 
point, but the Types 874-\V<) or W< 

()pen-( 'ircuil 'rerminationsand 874-\VN 

Figure t. Sketch of Type 874'C63 Cable Connector 
with 0 75*ohm cable attached. 


or WX-ii Shrtrl-Circuit 'rerminations 
can be usetl to advanlagt* for this pur¬ 
pose. These units do not produce an 
open-circuit exactly at the desircMl point, 
but minor adjustments of the line length 
can be ma<ie to compensate for the 
dilTerence. 

In this application, the termination is 
connected to the end of the adjustable 
line in |)lace of the lino under test, and 
Ihe line length is adjusted as outline<l 
above. Then, if the Type 874-W() Open- 
Circuit Termination or Type S74-WN 
Shoit-C’ircuit Termination is used, the 
adju.stable line .should be decreasT‘d in 
length 2.b cm, and if the Type 87()-W( )3 
Open-Circuit Termination or Type 874- 
\VN3 Short-Circuit Termination is used, 
the length of the adjustable line should 
be increased 0.0 cm. If the termination 
is removed and the line under test con¬ 
nected, the length of 5()-ohm line be¬ 
tween the measuring point and the point 
at which the 75-ohm line is connecteil is 
now exactly a half- or (piarter-wave- 
length long. For the half-wavelength 
adjustment, the admittance measured 
by the instrument is the admitiam^e 
.seen looking into the 75-ohm line at the 
junction. I^'or the (piarter-wavelength 
a<ljustinent, the unknown .series resist¬ 
ance and reactance are (spial to the 
indicated conductance and .susceptaiice 
res|)ectively, multipli(*d by 2.5. 



RUBBER BOOT CAN BE 
OMITTED IF 
DESIRED 


OHM CABLE 


CLAMPING FERRULE 

JUNCTION POINT BETWEEN 
50 OHM LINE B 75 OHM LINE 
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'rhe VSWH on the 75-ohm line can he 
calculated from the measuretl admit¬ 
tance, using the equation or Smith chart 
as outlined in the instmction book. Re¬ 
flection coeflficient and, hence, VSWR 
can also be measured directly by a 
voltage-ratio method similar to that 
outlined for 50-ohm lines in the in- 
stniction book. 

For this measurement, the 75-ohm 
line under test with its associated adjust¬ 
able line should be connected to the 
branch line usually connected to the 
conductance standard. The branch line 
usually connected to the unknown 
should be open-circuited and the multi¬ 
plier set at infinity. These connections 
are the reverse of those used when meas¬ 
uring 50-ohm lines and are necessary 
because the coupling to the unknown 
must be adjusted to be a specific value 
less than unity to compensate for the 
difference in characteristic impetlance, 
and the conductance coupling is more 
finely calibrated than is the multiplier 
coupling and hence can be set more 
accurately. 

T^e _ _ 

874.C62 I Connector for RG62 U Cabl«.. 


The over-all 50-<jhm line length should 
then be adjusted to be a c|uarter-wave- 
length, using the method previously 
described with the exception that the 
conductance indicator is set to maximum 
coupling, or 20, and the multiplier left at 
infinity. The susceptance standard is 
then removed and replaced by the con¬ 
ductance standard, the conductance 
50 

indicator set at 20 X , where Zo is the 
Zo 

characteristic impedanne. of the line 
under test.** * The ratio pf the detector 
voltages obtained with the susceptance 
indicator first set to —20 and then to 
+20 is equal to the reflection coeflScient 
r on the 75-ohm line, and 

VS\VR76 = 

— R. A, SODERMAN 

*Thi* iiiPlbod wu* by Mr. B. Parzon of FtMlcral 

Tclcoomniuniontion Laboratories. 

*ThxB method can be used for any line liavini^ a rhorac- 
(oriatic impedance greater than oO obme. For Imes ba\'tng 
rhameteriatio impedances less than 50 ohms, the same 
method can be used with the lencth of 50-ohm line set at 
a half-wavelength, and the cotuiuctance indicator set at 

20xg- 

Code Word Price 

. I rOAXCANDOR I $1.70 
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